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By Lowell E. Hasel and John R. Sevier, Jr. 

L SUMMARY 

An investigation has been  conducted in   t he  Langley 4- ,by 4-foot 
supersonic  pressure  'tunnel t o  determine the ef fec t  of a ser ies  of 
nacelles on the aerodynamic characterist ics in pi tch of a sweptback- 
wing - body combination.  .Hacelle  shape  and  posi%ion were varied on a 
configuration w i t h  a 6-gercent-thick w i n g  having an aspect   ra t io  of 3-5, 
a taper r a t i o  of 0...2, and-47' of sweep a t  the quarter chord.' Submerged 
nacelles were tes ted  on this wing-body combination ,and also on a 
similar  configuration w i t h  a  6-percent-thick wing having a thickened 
m o t  section. Lift, drag, and pitchwg-moment resu l t s  are presented a t  

8. Mach  number of l..& and a R e y n o l b  nmiber of 2.7 X 10 based on the 
wing mean aerodynamic chord. 

- 6  

IN ' I%ODUC~Om 

A research program has been in progress .at the Langley  Aeronautical 
Laboratory t o  determine, a t  subsonic,  transonic, and supersonic  speeds, 
the  effects  of thickness r a t i o  and sweep on the aerodynamic character- 
i s t ics '  of a series of  wing-body combinations. The cambered wings have 
an aspect  ratio of 3.5 Etnd a taper r a t i o  of 0.2. The ef fec ts  of sweep 
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at  subsonic and transonic  speeds  are  presented  in  reference 1. The 
effects of both  sweep  and  thickness  ratio on the  aerodynamic  charaqter- 
istics in pitch at a Mach  number of 1.60 are  presented in references 2 
and 3. 

ThTs  paper  presents  the  results  of a nacelle  investigation  which 
was conducted  on two wing-body  combinations  of-:this  series.  The  nacelle 
shape and location  were  varied  on a 6-percent-thick  wing  having  the 
quarter-chord  line  sweptback 47’. Submerged  nacelles  were also tested 
on this  configuration and on a similar  configuration  with a &percent- 
thick  wing  having a thickened  root  section.  The  root-section  thickness 
ratio  varied  linearly  from I 2  percent  at  the  body  center  line  to 6 per- 
cent  at  the  40-percent-semispan  station.  Lift,  drag,  and  pitching- 
moment results  are  presented  at a Mach  number of-1.60 and a Reynolds 
number  of 2.7 X 10 based on the  wing mean aerodynamic  chord. The data 
of this  report  are  presented  without  analysis to expedite  publication. 

6 

. .. 
. - I  

SYMBOLS 

mean aemdynamlc chord of wing (0.646 ft) 

drag  coefficient (D/qS) 

nacelle  drag  increment,  drag-coefficient  rise due to  addition d 

- 
of nacelles to basic  wing  configuration 

lift  coefficient  (L/qS) 

pitching-moment  coefficient  about  the  .quarter  chord of the 
. ,  

mean  aerodynamic  chord  (m/qSE) 

drat3 

lift 

Mach  number 

pitching moment 

statfc  pressure 

dynamic  pressure 

wing-plan-form  area (1.143 sq ft) 

- 
. ” 

(F) - I 

I 
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e 
a angle .of attack,  degrees 

Y r a t i o  of the  specific heats of air - 

dr "gle of yaw, degrees 

i 

3 

Tunnel 

These t e s t s  were conducted in the Langley k--by &foot  supersonic 
pressure  tunnel which was originally powered  by a 6,000-horsepower 
electric-drive system (reference'&).  Recent modifications have 

'increased  the  continuous .horsepower ra t ing  t o  45,000. Other  modifica- 
t ions made a t   t h e '  same time  included  installing machined, f lexible  
stainless-steel walls in  place of  the  mild-steel  flexible  walls which 
form the  nozzle and tes t   sect ion of  'the tunnel. The modifications have 
not affected  the Mach  number range which extends from 1.2 t o  2.2. The 
maximum stagnation  pressure has been increased from.abou€ 0.3 atmosphere 
t o  more than  2 atmospheres. - A t  a Mach  number of 1.60 the test section 

flow which is  7 f e e t  long st the f lexible  w a l l s .  An external  ai- 
m n g  system supplies air  of a  sufficiently low dew point t o  prevent 

- has a w i d t h  of 4.5 fee t ,  a height of 4.4 fee t ,  and e region of uniform 

h moisture  .condensation i n  the  tes t   sect ion.  

Models and Equipment 

Wing body.- The basic wing-bady model ( f ig .  1) consisted of a body 
formed by 89 ogival nose and a  constant-diameter  cylindrical  section 
with a 6-percent-thick  tapered wing having the  qukrter chord swept 

, back 470. Pertinent dimensions of the body and wing are  given in f ig-  ' 

ure -1. For one t e s t  the 6-percent-thick wing w a s  replaced  by.a similar 
wing with a thickened  root  section. The thickness of the  wing varied , 

l inear ly  from 12 percent at   the  fuselage  center  l ine t o  6 percent a t  
the 40-percent-semispan s ta t ion and w a s  constant  over .the remainder of 
the semispan. Ordinates f o r  both wings are  presented  in table I. 

Nacelles.- Two basic  nacelle shapes were used during most of  these 
t e s t s .  The open nace l l e   ( f i g .   2 (a ) )   anowed   s t r a i a t - tbugh   a i r  
passage whereas the f aired  nacelle  (fig.  2( b.) ) w a s  closed at both 
entrance aad ex i t .  The three NACA ser ies  One nose inlets (reference 5 )  
used on the open nacel le   are   i l lustrated  in  figure 2(a) . Since  the 
design  inlet-velocity: r a t i o  increases  rapidly  as  the  length.  ratio  of 
the nose i n l e t  i s  increased  (see  reference 5 ) ,  the i n l e t  diameter r a t i o  

I of the sKoi-ter nose in l e t s  w a s  reduced i n  ,designing  the MACA 1-60-300 nose 

-: 

- .  
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in le t   to   avoid  an excessively high inlet-velocity  ratio.   Pertinent 
'dimensions of both faired and open nacelles are glven in  f igure 2. 

The open and faired  nacelles were  mounted at-four  vertical..posi- 
tions  with  respect  to the wing chord  plane as shown i n  figure 3 ( the 
position  designations denoted i n  f ig .  3 are used 3hroughout'this  paper). 
The nacelles were supported on each semispan by variable  length struts 
which  were  swept forward 75'. , The angle between the  nacelle  center 
l ine  and the l ine  formed by joining the top 'of the .nace l le   ex i t   l ip  
with  the wing t r a i l i ng  edge at the  nacelle  station w a s  constant a t  15' 
f o r   a l l  open-nacelle t e s t s .  Nacelle s t rut   detai ls   are  shown in  f igure 2. 

. .  

. . "" 

. .. " . 

.- . 

The submerged nacelle.  installations which  were tes ted on the 
6-percent-thick and thickened  root wings 'are shown in figures 4(a) 
and 4( b) . The frontal  areas ( including the area buried i n  the wing) of . - -  

two submerged nacelles and-of. one  open or faired  nacelle  (f ig.  3) were 
equal. 

Support  system.- The model was stfig-mounted i n  the  tunnel as 
shown in  f igure 5.  The a t t i tude  of the model-was variable during a .. . 

" 

r u n  i n  only a horizontal  plane. A bent  st ing w a s  therefore used so 
that-  the model could be tested, i f  desired, a t  combined angles of . 
pitch and y a w  (one  attitude  fixed, the other varied  during a given r u n )  . - 

.. 

Force  and  pressure  measur&ents.-  Force data were obtained  with 
an internal ly  mounted six-component strain-gage  balance.  Pressure  data 
were measured w i t h  a multiple-tube mercury manometer. 

d 

' ,  The models, balance, and associated  indicating equipment w e r e  
furnished by a U. S . A i r .  Force  contractor. 

TESTS, CORRECTIONS AND ACCURACY 

Tests . .  " 

The results presented  in  this  paper were obtained a h  nominal 
Mach  number of 1.60 and a t  a  Reynold6 number o f  2.7 X lo6 based on wing 
mean aerodynamic chord. The longitudinal  characteristics were deter- 
mined f o r  an angle-of-attack  range from -2' t o  12' a t  zero  yaw. The 
stagnation dew point was kept more negative  than ~ 2 5 ~  F to prevent 
condensation effects  on the .flow in   the  test section. The configura- 
t ions which  were tested and the  corresponding  figure numbers i n  which 
the data are  presented  are  l isted in table 11. L 

The strain-gage  balance was calibrated  prior to  any  model t e s t s ,  
and a check calibration w a s  made while the tests were in  progress. x 



____m*_l 
MACA RM L5lKl4a . SECURITY INFORMATION .5 

* 
I 

. During the   . i n i t i a l  pha-s-e of t h i s  'check calibration,  the  balance con- 
71 - stan%s  agreed  with  those  obtained from the   in i t ia l   ca l ibra t ion .  A s  the - 

check calib-ration  progredsed, however, the  characterist ics of the drag 
balance changed by 5 percent.  Further checks of the drag balance : 

indicated no fur ther  changes of the drag 'constant. All data.  obtained 
after the check calibra-tion w a s  made are  based on the  f inal   cal ibrat ion 
arid are  denoted  by  flagged symbols. . .  

- .  . 

Corrections and Accuracy 

' ' The follbwing  table  presents  the approximate Ma.ch number and flow 
angle  variation along the  test-section-ceater  . l ine  in  the  region of 
the model fuselage: 

Mach nmber . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 0 1  
Flaw angle  variation  in a horizontal  plane . . . . . . . . . . . .  f O . l  
Flow angle  .variation  in  a,vertical   plane . . . . . . . . . . . . . .  f0 .1 

I 

, .  

No corrections have  been applied to the. data t o  account f o r  these flow 
i r regulaxi t ies .  

- The data have been corrected f o r  w l a r  deflection of the -model 

* corrections have been applied to account f o r  these  effects..  

due t o  a i r   loads.  The model was- a t  small negative yaw and r o l l  angles , 

, (appmx. -0.2' and -l;Oo, respectively)  during a l l  of the tes te ,  and no 

The drag  data have been corrected t o  reduce the  base  pressure t o  
the  free-stream  value. 

The estimated  accuracies of the force  data are as follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kl.005 

c,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,m .001 
cD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ob1 

. .  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a.10 

It should be  mentioned tha t  me tests were conducted so .that the 
data  presented f o r  nacelle  positions 2, 3, .and 4 in figure 6 and all 
data  presented  in  ,figure 8 were obtafned from a consecutive  series .of 
tests in which the m o d e l  configuration was not altered  except t o  change 
the  fore and aft portions of the  naceUe  configurations.  SimiMly, 
the data  presented  in  figures 7 and 9 were obtained from two other 
ser ies  of consecutive t e s t s .  It is  therefore.thought  that   the small di f -  

nacelle  conffgurations and no t  differences due t o  small variattons of 
model surface  conditions. 

- , ferences  in  the  results  are  valid and are a resu l t  of the  different 

- 
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RESULTS 

The results 'are  presented i n   t h i s  paper  wlthout  analysis t o  . . 
expedite  publication. The m i a t t o n s  of drag,  nacelle  drag  increment, 
pitching moment, and angle  of  attack  with  1ff.t  coefficient are presented 
i n  figures 6 t o  12 fo r  a Mach  number of 1.60 and a Reynolds number 

X 10 based on wing mean aerodynamic chord.  Data f r o m  repeat . 
runs t a i l ed  symbols) are presented  in  figure 12. Repeat runs were 
made in   order   that   the  check .calibration of  the  drag  balance  could  be 
further  verified and so tha t  data on certain  nacelle  configurations 
could be obtained from consecutive tests. No reason for  the  large dis- 
.crepancy between the two sets of data for  nacelle  position 1 is  known 
except  that a large number of configurations were tested  during the 
intervening time interval. An attempt w a s  made t o  fix t ransi t ion on 
position 3 nacelles with fa i red openings and ex i t s   ( the  upstream e-dge 
of a 0.25 -inch wide bind of number 60 carborundum was located  approxi- 
mately 2 percent of the  nacelle  length from each nacel le   t ip) .  ,The 
data from t h i s  latter run agreed  with  transition-free  data from the 
previous run and therefore have not been included i n   t h i s  paper. . The 
factor  required t o  convert  the'  nacelle  drag increment t o  a value  based 
on nacelle  frontal   area i s  l i s t e d   i n  each  figure t i t le.  

Of 2 - T  
6 

The l f f t -drag   ra t ios   for  most of the conf,wations  are  presented 
i n  figure 13. It is evident from this figure  that  the  nacelle shape 
and location have only a small. effect  on the meximum l i f t -drag   ra t io .  
Furthermore, the  drag  penalty of the thickened root wing-body configura- 
t ion becomes small when the  'use of submerged nacelles is  considered. 

Representative  schlieren  pictures  are presen-ted in  f igure 14, 

Langley Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
I 
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TABIZ I 

A I R F O I L  COORDINATES  FOR THE 6-PERCENT-THICK AND 

THICKEmED  ROOT WINGS 

[michess  distribution: NACA 6 5 ~  series. Mean line  ord&tes: 
1/3 of M C A  '230 + (.a = I) f o r  CL = 0.1-7 

6-percent-thick wing Thickened root wing 

surface  surface 

0 
- 5  .75 

1.25 
2.5 
5.0 
7.5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

0.061 
577 

' . -717 
919 

1.304 
1.872 
2.318 
2.668 

3.482 
. 3.701 

'3.8% 
3.946 
3 981 
3 9 937 
3 =a23 
3 - 613 
3.342 

2.651 

3.150 

3.018 

2.231 
1.785 
1-339 

.892 

.446 

0 
376 

.446 
534 

.621 

.761 
857 
-980 

i .269 
1.496, 

1.846 
1.960 
2.021 - 

2.030 
1.977 
1.872 
1- 697 
1.487 

1 697 

1 277 
1 059 

.849 

.639 

.420 

.210 
100 0 0 I -1 L.E. radius = 0.0024~ I 

x/c 

0 
-5  
-75 

1.25 
2-5 
5.0 
7.5 

10 
15 
20 
25 
30 
35 
40 
4-5 - 

-50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 

Root ;  

Y/C 

1-335 
1.658 
2.261 
3.208 
3 919 
4.500 
5 362 
5.965 
6 395 
6.718 
6.912 
6.9'77 
6.912 
6.675 
6.288 
5 771 
5.168 
4 457 
3 725 
2 929 
2.239 
1.486 

732 
0 

hation 

Y/C 

Lower 
surf ace 

0 
.754 
.g04 

1.141 
1.507 
2.024 
2.433 
2.799 
3.445 
3.984 

4.716 
4.414 

4.910 
5.. 017 
4.996 
4.823 
4.522 
4.113 
3.618 
3.101 

2.067 
2.584 

1 550 
1.034 

0 
517 

t 

Y 

L.E. radius = 0 .OOggc 



TABULATION OF WING AND NAC- COKE'IGURATIONS TES& AND 

FIGURE NUMBWS IN WHICH BASIC DATA ARE.- - 

Wing 
thickness 
(percent) 

b 

f 6  
kusecutive. 6 

t e s t s  
6 .  

. 6  
6 

6 

6 

6 

6 
6 

6 

Zonsecutive 
t e s t s  ' 

Zonsecutive 
tests 

- 

Nacelle 
position 

None 

None 

Submepged 

Submerged 

1 

3 

3 

2 

4 
1 

1 

1 

None 

3 
3 

3 

Nacelle 
nose 

"""" 

"""" 

Faired 

Faired 

Faired 

' Faired 

1-66-100 

Fairecl 

Faired 

1-66-100 

Faired 

1-60-300 

"""" 

1-60-300 
1- 66-050 

1-66-100 

Nacelle 
Hterbody 

"""". 
- 

"""" 

Faired 

Faired 

Faired 

Faired 

1-66-050 

Faired 

Faitred 

1-66-050 

Faired 

1-66-050 

"""" 

1-66-050 
1-66-050 

1-66-050 

'igure i n  which 
basic  data  are 

presented 

6,8,10, E 

11 

10 

11 

6,12 

6,8 

89x2 

6 

6 

9 

' 9 , E  

9 

7,9;= 

7 
7 

7, = 

. .  

T 

9 
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Body axis ond 
wing  chord  plane 

- Cylindrical secfion , - 6.61 c 

25.12 

Figure 1.- Detaile of body and 470 sweptback wing. 



'& All dimenstans' In inches unless notad 

4.50 NKA 1-66-050 nacelle  exit 

Figure 2.- Details of open and f s i r e d  nacellee, and nacelle strut.' 
I 

. .. . 
' '  I 

: a 
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t"--"- I ; eosition 3 

. -  
I 

. - -  

Y 

" 

Figure 3 . -  Nacelle position designation. 
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.-FartIng line 

TIP dtarnater at X= 0 , 

k .01 to .02 inch 

t 
0.17- 

/- 
(a) Six percent thick wlng 

(a) 6-percent-€hick wing. 
r 

Figure 4.- Details of.submerged nacelles and nacelle locations on wings. 
A l l  dimensions -in inchea upless noted. 

I 
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. .  

l i p  diameter at X.0 
Is .01 to .02 inch 

_. .l" 

.. .. . . ." 

Nocelle coordtnates 
X Y 

133  .38 
.83 2 5  

1.83 .45 

283 53 
2.33 .52 

- -  - .. 

(b) Variable-thickness-ratio wing. 

Figure 4.- Concluded. 
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Top view of installation , 

Side view of installation 

Figure 5.- Details of m o d e l  sting sypport.’ A l l  dimensions in inches 
unless noted. 



16 SECURITY IMFORMATIOR 
- 

NACA RM L51K14a 

0 
n 
a 

Lift coefficient ,CL 

Figure 6.- Effect of position of strut-mounted faired nacellee on the  
aerodynamic characteristics in pitch of the 6-percent-thick wing-body 
combination. The ratio of wing-plan-form area to the frontal =ea of 
the  two nacelles  is 46.57. " .  



.c 
0 

-J 0 .I 2 -3 4 .5 .6 .7 
Lift coefficient, CL 

' Figure 6.- Concluded. 

! 
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- Uft - coefficient, CL " . 

igure 7.- Effect of various nacelle-nose configurations on the aerodynamic 
characteristics in p i t c h  of the 6-percent-thick wing-body combination 
with the nacelles mounted..at position 3. The ratio of  wing-plan-form 
area to the frontal area of the two nacelles is 46.57. 

.. . 



Figure 7.- Concluded. 
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0 
Q 
n 

0 

P 

! Uft C0effident,CL 

Figure 8.- Effect of nacelle shape on the aero.dynamic CharacteriBtics 
pitch of the 6-percep-bthick wing-body coinbination with  the  nacelle8 
mounted a t  position. 3. The r a t io  of wing-plan-form area  to   the frontal . 
area of the two n a c e ~ l e s  i s  46.57. 
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I 

. .  tiff coefficient, CL . 
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Figure 9.- Effect of -various aacklle shapes on the aerodynamic character- 
i s t i c s  in p i t c h  of the 6-percent-thfck wing-body combination with the 
nacelles mounted at-position 1. The r a t i o  of- wing-plan-form area to 
t h e  frontal area of the two nacelles is 46.3'1. 
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Figure 10.- Effect of faired, submerged iiacelles on the aerodynamic 
characterist ics  in-pitch of the 6-percent-thick wing-body combination. 
The r a t i o  of wing. -phn-form &ea t o  the frontal area of the four 
nacelles i s  46.63. 
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Figure 11.-. Effect of faired, submerged nacelles on the aerodynamic 
characterist ics i n  p i t c h  of the wing-body combFnation with w i n g  
thickness  ratio VaFJing f r , O m  12 t o  6 percent. The r a t io  of wing- 
plan-form area t o  frontal   area of the four nacelles i e  46.63. 
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Figure 12.- Comparison pf the  original and repeat sets (tailed symbols) 
of data obtained from three model configurations. The r a t io  of wing 
plan-form area t o  the frontal area of t& tuq nacelles i e  46.57. 
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Figure 13. - .V&riation with. lift, coefficient of the lift-drag ratios o? 
the 6-percent-thick and thickened root wing-body combinations with 
and without nacellee. - .,. .. 
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(a) NACA 1-66-050 nose inlet; y=W. (b> NACA 1-66-100 nose  inlet; y = 0". 

(c) NACA 1-60-300 nose inlet; y=Oo. (d) Faired inlefi y = 0". 
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Figure 14.- Schlieren photographs of open and faired  nacellee mounted s,t 
position 3 on the 6-percent-thick-wing. a = Oo. 
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